ABSTRACT: Introduction: Amyotrophic lateral sclerosis (ALS) patients benefit from multidisciplinary care in an ALS clinic. We studied whether multidisciplinary care of ALS patients using the store and forward method of telemedicine was feasible and acceptable to patients and providers. Methods: ALS patients seen in the University of Florida (UF) Jacksonville ALS clinic were eligible for our study. A trained telemedicine nurse performed and recorded a multidisciplinary assessment of the patient in their home. Clinic team members reviewed the assessments and provided recommendations, and the clinic director discussed the plan with the patient via videoconference. Patient and provider satisfaction was evaluated using surveys. Results: Eighteen patients completed a total of 27 telemedicine visits. Patient satisfaction was excellent and provider satisfaction was very good. Discussion: The store and forward method of telemedicine is an acceptable alternative to live telemedicine for the multidisciplinary care of ALS patients. This method of care may improve access to multidisciplinary care for this patient population.
generative disease that results in progressive muscle weakness, disability, and ultimately death. It has been shown that ALS patients benefit from care in multidisciplinary clinics in terms of survival and quality of life. 1, 2 However, access to multidisciplinary clinics may be difficult for ALS patients due to distance from the nearest clinic, cost of travel to attend the clinic, and, most importantly, physical limitations, such as reduced mobility requiring the use of a power wheelchair and difficulty getting bathed, dressed, and into/out of the vehicle. 3 We theorized that satisfactory multidisciplinary care could be provided to ALS patients in their home using the store and forward method of telemedicine.
Telemedicine as an accepted method of care delivery is expanding rapidly. The most extensive use of telemedicine in neurology has been for acute stroke care. 4, 5 Remote evaluation of patients in outlying hospitals using telemedicine has been shown to be safe and effective. Various forms of telemedicine have been tried in the care of ALS patients. [6] [7] [8] [9] [10] [11] [12] [13] [14] Use of live teleconferencing with a rehabilitation physician was found to be well received by a small group of ALS patients and providers in The Netherlands. 9 McLellan et al. reported that, at the Cleveland VA Hospital, ALS patients were evaluated remotely at the patient's local facility and provided multidisciplinary care by the providers at that location, depending on the needs of the patient. 10 Over nearly 7 years, they evaluated a total of 32 patients and compared them with 36 patients seen in the clinic and did not find differences in the American Academy of Neurology-recommended quality measures between the groups. 11 Another recent article looked at the incorporation of telemedicine into the regular multidisciplinary ALS clinic and found it to be acceptable. 12 In a recent review article about developing multidisciplinary clinics for neuromuscular disease care and research, Paganoni et al. discussed the use of telemedicne. 13 Contrary to that opinion, Hobson et al. reviewed the current state of telemedicine care for ALS in an earlier article and determined there was limited evidence to support the use of telemedicine or telehealth in the care of patients with ALS. 14 Telemedicine care for ALS most commonly utilizes live videoconference between the team of ALS providers and the patient, either in the patient's home or at a local health-care facility. Limitations of the live telemedicine method include the need for the patient to travel to a presentation site, the need to assemble the entire team at the time of the encounter, and reliance on real-time video, which may be disrupted by weather or other factors.
The store and forward method is an alternative to the live telemedicine method for multidisciplinary ALS care. In this method the patient is assessed by a single, trained individual in their home. This assessment is recorded and the multidisciplinary team providers review the assessment at a later time and make recommendations for the patient's care. We felt this method of delivering multidisciplinary care would be acceptable for both patients and providers and would offer an alternative approach that maximizes the number of patients available to be evaluated by telemedicine.
METHODS
The use of human subjects for this study was approved by the institutional review board at the University of Florida Jacksonville. Funding for this project was provided by the Bitner Plante ALS Clinic Initiative, which is funded by the ALS Association Florida Chapter and the State of Florida Department of Health. Written informed consent was obtained from all participants or their legal representatives before participation in the study.
Patient Population. Patients with ALS, primary lateral sclerosis (PLS), or progressive muscular atrophy (PMA) currently or previously seen at the University of Florida, Jacksonville Multidisciplinary ALS Center were eligible for participation and were contacted for possible inclusion. Only Florida residents were considered as the project was funded by the Florida Department of Health. New patients not yet seen in the multidisciplinary clinic were not included as it was felt that they would not have a basis for comparison of their care. Patients were included regardless of distance from the clinic, mobility, or disease severity.
Training. The telemedicine nurse was extensively trained by all members of the ALS multidisciplinary team in assessment skills for that discipline over the course of several months. This training was done at the bedside in the ALS clinic for all disciplines. Additional training was provided by each discipline, if needed, as follows: during neuromuscular clinic with the clinic director (neurologist) for Medical Research Council (MRC) grading training; in the outpatient physical therapy/occupational therapy (PT/OT) and speech therapy clinic; and at the pulmonary lab for respiratory therapy. Training on video equipment included simulated ALS patient evaluations. These simulations were critiqued by all team members to optimize evaluation techniques that could be assessed by the team members from video. Providers were encouraged to provide standardized assessment tools that the telemedicine nurse could use for assessing and rating dysfunction. During the study, providers continued to offer feedback and constructive criticism about the evaluation methods and questions. Providers occasionally asked for clarification on some issues, and the telemedicine nurse or clinic director attempted to provide the necessary information.
Telemedicine Procedure. The telemedicine nurse traveled to the patient's home for the encounter, where the nurse performed a comprehensive, multidisciplinary assessment. The patient encounters were video recorded by the telemedicine nurse using 2 iPad Mini devices stationed at distinct angles to minimize the potential for obstruction of the view during the recording process. A clip-on bluetooth microphone was used as needed to amplify the patient's voice. The video recording was downloaded to the secure server at the hospital. The telemedicine nurse edited the downloaded video into segments as follows: neurology; speech/nutrition; PT/OT; respiratory; and social work. Team members were notified when the videos were available for review. The videos were viewed by the members of the ALS team who made recommendations and e-mailed their assessments to the clinic director, who developed a comprehensive care plan based on the multidisciplinary input. A single provider for each discipline (PT, OT, speech, respiratory, social work, nutrition, and neurology) was utilized throughout the study. The plan was conveyed back to the patient and caregiver by the clinic director during a second home visit by the telemedicine nurse using live videoconference or telephone if there were video connection problems. The live videoconference also allowed the patient and caregiver to ask any questions about the plan. The provider recommendations and the final recommendations from the care team were compiled in a telemedicine note, which was forwarded to the patient and their primary care physician and/or local neurologist. In all cases, the team attempted to complete the process from assessment to care plan finalization in 1 week. The goal was to have the live videoconference as soon as possible after availability of the care plan, but patient or telemedicine nurse availability occasionally delayed that visit.
Equipment/Technology. This project utilized inexpensive commercial, off-the-shelf technology. The equipment was reviewed by the University of Florida legal and compliance departments to address privacy issues related to patient data. All devices that stored data had tracking ability and remote erasure capability. Live videoconference utilized the program Jabber or Vidyo, which are Health Insurance Portability and Privacy Act (HIPAA)-compliant programs.
Outcome Measures. Patients and providers were surveyed to determine their satisfaction with this method of care. Patient satisfaction with the multidisciplinary clinic (in person) was rated at the time of consent based on the most recent visit. For some patients, this may have taken place immediately after a clinic visit, whereas in other cases the last clinic visit may have been years before the consent was signed. Patient and neurologist satisfaction with telemedicine was rated at the end of each encounter (after the physician/patient videoconference). All other providers completed their satisfaction surveys at the time they submitted their recommendations, after viewing the patient video. All questions were given possible responses of strongly agree, agree, neutral, disagree, or strongly disagree. Questions were worded such that agree indicated satisfaction and disagree indicated dissatisfaction. Questions were designed to assess areas that were felt to be of potential concern for patients (privacy, communication, understanding the plan, convenience) or providers (time required, ease of using the equipment and process, ability to care for the patient, comparability to in-clinic visits). Caregiver satisfaction was not evaluated in this study.
RESULTS

Patient
Recruitment. Fifty-one patients were screened and 35 were eligible. Patients were ineligible due to: not a Florida resident (n 5 7); never seen at the UF multidisciplinary ALS clinic (n 5 5); or not ALS or another form of motor neuron disease usually seen at the ALS clinic (n 5 4). Twenty patients signed consent and 18 were seen for telemedicine visits. Ten patients declined to participate and 3 agreed verbally to participate and either died before the telemedicine visit (n 5 2) or were lost to follow-up (n 5 1). Two patients signed consent but were not seen for visits because the study ended before the patient could be seen or sign consent (n 5 1), or the patient withdrew consent (n 5 1). Baseline characteristics of the patients are detailed in Table  T1 1. At the time of their first telemedicine visit, there was significant variability of the ALS Functional Rating Scale-Revised (ALSFRS-R) score, distance from the clinic to the patient's home, age, and time from onset of ALS symptoms to study enrollment. A total of 27 telemedicine encounters were completed. Two patients had 3 telemedicine encounters, 5 patients had 2 encounters, and all other patients had 1 encounter.
Satisfaction Surveys. The patients were uniformly satisfied with the telemedicine visits (Table  T2 2). Patient satisfaction with the traditional in-person multidisciplinary ALS clinic was also excellent (Table  T3 3). Provider satisfaction was also very good, but there was some variation among providers (Figs.  F1 1 and 2). In spite of some provider responses F2
indicating disagreement regarding the ease of the process (questions 2 and 3), the lack of physical contact (question 10) or the time required (question 9), there was almost uniform agreement from all providers that they were able to obtain the information (question 1), develop a care plan (question 5), and care for the patient (question 8). The nutritionist seemed to be generally less satisfied with telemedicine than all other providers and this was not due to difficulty with viewing the video, the formatting, or obtaining the information to assess the patient.
DISCUSSION
We were able to show that the store and forward method of telemedicine is a viable means of delivering multidisciplinary care to ALS patients. Patients who had previously been seen in a traditional multidisciplinary ALS clinic were universally satisfied with this alternative method of care. In general, there were somewhat higher satisfaction ratings for the telemedicine visits compared with the clinic visits. Those results may have been skewed by the fact that, in some instances, there was a long interval between the patient's last visit to the clinic and the time they completed the survey regarding satisfaction with that visit, which may may have led to recall bias. To minimize this effect, the survey regarding clinic satisfaction was administered on the same day that consent was obtained from the patient to participate in the study before any telemedicine visits had yet taken place. It is possible that patients who prefer technology or dislike coming to the clinic would be inherently biased in favor of the telemedicine visits and would be more likely to consent to participate in this project.
Patient and provider satisfaction with telemedicine care has been used to demonstrate feasibility in a recently published study of Parkinson's disease patients. 15 Patient satisfaction in our study was similar or better than that reported in the previously performed live telemedicine studies. 9, 11, 12 In contrast to some of the previous studies, patient inclusion in this study was not limited based on any factors other than requiring residency in Florida and having been seen in our ALS clinic. We intentionally decided not to limit access to telemedicine to patients who would be more likely to have a bias in favor of telemedicine. For instance, one may expect more severely affected patients with more mobility challenges would likely prefer to be seen in their home than at the clinic. However, when we analyzed the patients with the 5 highest ALSFRS scores (37-41) and those with the 5 lowest (3-18), surprisingly the satisfaction with telemedicine was slightly higher (46 of 50 replies strongly agreed) for the least affected than the most affected (40 of 50 strongly agreed). However, no patient rated any of the 10 questions regarding telemedicine with a reply worse than agree, so the significance of this difference is likely minimal. Similarly, those who live a long distance from the clinic or those who do not have specially equipped vehicles to make travel to the clinic more convenient may also be expected to favor being seen in their home than at the clinic. However, when we analyzed the 5 patients who lived closest to the clinic (7-16 miles) compared with the 5 who lived FIGURE 1. Provider responses to satisfaction survey (mean with standard deviation). Questions were as follows: (1) I was able to obtain the necessary information to assess the patient from the video; (2) Accessing the information is easy; (3) I felt using the telehealth equipment/process was easy; (4) I feel the video formatting used was clear and easy to view to obtain assessment information; (5) I was comfortable developing a care plan based on the videos; (6) I feel that the assessment process met my expectations of a normal, in-person assessment; (7) I feel the video visits are a convenient form of health-care delivery; (8) I am satisfied I was able to care for the patient using this model; (9) I feel the video visits did not require more time than an in-person visit; and (10) I feel the lack of physical contact during a video visit is not a problem (CM: case management [social work]; Neuro: neurologist; Nutr: nutritionist; OT: occupation therapy; PT: physical therapy; RT: respiratory therapy; Speech: speech therapy). the farthest (173-192 miles), there was no difference and, in fact, all patients uniformly answered every question strongly agreed regarding satisfaction with telemedicine (50 of 50 for both groups).
The results from this study suggest that patient satisfaction would not be influenced by ALS severity or distance from the clinic and that those factors may not be influential in patients' decisions to participate in telemedicine. The store and forward method offered the advantage of the patient remaining in their home for the visit. Travel to and from the clinic or to any other remote health-care facility for a live telemedicine encounter may be a major burden for ALS patients and the ability to bring care to multiple patients in their home is an important aspect of care for this group and potentially others with severe mobility issues. We found that there were several patients participating in the study who had been completely lost to multidisciplinary care, and these patients were not able to come to the clinic due to the fact that their insurance was not accepted in 1 case or their disease was very advanced and travel was very difficult in the other.
One of the major limitations of more widespread implementation of this method of care is that there is currently no reimbursement for the store and forward method of telemedicine except for patients living in Alaska and Hawaii. However, as the patient would be in their home, the live method would still not qualify for reimbursement under current payment guidelines in many states or through Medicare. Reimbursement for telemedicine care is clearly improving and innovative techniques for caring for homebound patients with terminal illness is an area that we believe is likely to be considered for future payment.
We had considered the use of live videoconference and, in the future, plan to compare the 2 methods. The potential advantage of the live method is that team members would have the opportunity to have direct interaction with the patient and have question-and-answer sessions rather than depending on a third party (the telemedicine nurse) to interview and examine the patient. Also, one of the advantages of multidisciplinary care clinics is that there is a team conference that takes place as part of the usual ALS clinic. The live telemedicine method would likely be incorporated into the ALS clinic and the team discussion of the patient would then take place and this was not the case for the store and forward method (this was one weakness). To improve the team approach to care, we will include discussions of store and forward telemedicine patients during team conference at the ALS clinic. Our concern about live videoconference as the method of delivering the care plan was that this would limit the number of patients the entire team was able to see as it required all team members to be available at the time the videoconference took place. Also, as we found during this study, internet connections are often somewhat unstable and unpredictable and the team members have limited availability on clinic days. During a busy ALS clinic, deviation from the schedule can create chaos and patient satisfaction with their care may be impacted. Also, there are inevitable circumstances that can prevent providers from being available on the day of clinic, including illness, vacation, or emergencies. The store and forward method has the advantage that providers can view the assessment of the patient at their convenience, and therefore they will never miss the opportunity to assess the patient.
Some of the areas of difficulty we found with the store and forward method of telemedicine included the large size of the video files generated. These need to be stored, and therefore adequate computer storage capacity needs to be available. Also, playback of the videos can be challenging if the internet connection does not provide a high-speed connection and the computer being used does not have sufficient memory available. Excessive buffering of the videos was a major area of concern for the clinic team members early in the study, but, in general, this difficulty was later solved. One may surmise from the satisfaction scores of some providers that there may be considerable variability in the enthusiasm for this form of care, regardless of the particular method employed. A possible reason for this variability of acceptance is the comfort with using technology, which is likely to become less of a factor over time, as use of technology for health care is now ubiquitous. Other factors that may influence satisfaction include the lack of direct patient contact with the provider and using the assessment of a surrogate evaluator. It is not clear whether these factors contributed to the variability of satisfaction scores in this study. Future studies of telemedicine in ALS will be focused on comparing methods (live-in home compared with store and forward), analyzing the financial impact and possibly the survival differences or quality-of-life effects of telemedicine compared with the traditional ALS clinic.
In conclusion, this study has demonstrated that the store and forward method of telemedicine is feasible using inexpensive equipment. In addition, this model of care was received very well by patients. Most providers also found this method acceptable in terms of the most important issue: being able to develop a care plan for the patient. Use of the store and forward method of telemedicine on a broader scale may allow more patients with ALS to access multidisciplinary care.
